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Carbon monoxide is often found in mines, particularly during and after 
mine fires and after mine explosions. ‘This gas has the property of combining with 
the haemoglobin of red coloring matter in the blood and thus preventins the normal 
delivery cf necéssary cxyzgen to the pai ase tissues of the body. Because cf tnis, 
headaches and discomfort frequently result after 2 or 3 hours of breathing an at- 
mosphere containing as little as 0.04 per cent of carbon monoxide, while expcesure 
t2 a concentration of 0.3 per cent usually produces unconsciousness in 20 or gO 
minutes -- followed by death if the victim is not prom tly iat iss to fresh air. 


Tne gas is all the more danzerogus because it is colorless, cdorles and tasteless, 
thus geen no warning of its De oe can be perceived the unaided 


human senses | | | , . 4 


the various methods commonly used bsy the Bureau of Mines for determining 
the presence cf carbon moncxide in mine air include: Observation cf the effect on 
small animals, particularly canary Dirds and mice; the pyrotannic acid: method of 
determining carbon monoxide in blocd samples; vclumetric gas analysis by abscrp- 
ticn or combustion; and the iodine pentcxide method. That canary birds or mice are 
more susceptible than human beings to tne effects of carbon monoxide has so lenz 
been recognized as a means 0f detecting this gas in mines that further ccmment is 
net needed. The underground use of the pyrotannic acid metned is somewhat restrict 
ed by its limitation to air containing not over 0.2 per cent of carbon menoxide. 
Volumetric gas-analysis methods require technical skill and training on the part of 
the analyst, as well as apparatus that is either too delicate or too cu.berscne to 
be carried about underground, hence these methods are emplcyed almost exclusively 
in the laboratory. . The iodine pentoxide hoolamite metnod, hewever, permits the uce 
cf a carbon monoxide detector which determines the amount of maroon monoxide in 
Mine air quickly, simly, and with reasonable accuracy. As the metned is°bcumara~ 
tively recent origin, it is not kncwn as well as mignt be advantageous to. men con- 
cerned with fighting mine fires or with rescue and recovery after mine exolosicns. 
the following description of the detector used by the Bureau of Mines and discussicr 
of its operation should therefore be cf interest. 
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Description of the. Decectcr 


he moct essential feature of the detector is a small glass tube (Fig. 1, 

DN-4) containing granuler pumice stone imregnated with a mixture of icdine vent- 
oxide and fwning sulvnmric acid. Tis mixture is called hoolamit2 after heocver 
and Lamb, who vatented the formla (1205+1i25044+503) on November 4, 1219. When aiz 
containing carbon moncxida is foreed through the tube by mears cf a rubber aspira- 
tor bulb ard suitable valves (illustrated in Fig. 1) iodine is liberated and the 
orivinal white of the sranules is changed to various shades of bluish green cr 
even violet-brown or black, depending upon the amount of carbcn monoxide. ‘Tne 
chemical reaction that liberates the iodine is indicated by the forimla: PaCatoCCs 

HoSO,+50% = 5000+Io+H2S044+50%. The color gaa to the granules, unless “produce: 
by nich concentrations ef carbon monoxide, fades rapidly after each test, ard a 
tube ordinarily may be used seven or eignt times before its effectiveness is de- 
stroyed. Exnaustion of the materinl in the tube is indicated when the usual eclor 
fails to fade or has a yellowish discoloration. 


Tne mixture of adda nentoxide and fuming sulphuric acid detericrates if 
subjected to moisture, hence the tubes are furnished by the matufacturer drawn to 
@ tin at ¢acn end and hermetically sealed. These tips are broken off just vefore 
tne tube is inserted in the instruient for use. Each tube alsc has a snoulder at 
one end which fits into a rubber connecting Joint (Fig. 1, DN-24). 


A second glass tube containing five shades cf nermanently colcred pumice 
stone is mounted beside that containing the patented mixture. These shades 
correspond to colorations produced when definite amounts of air containing O.1, 
O.g, 0.3, O15, and 1.0 per cent cf carbon monoxide, respectively, are forced 
through hoolamite. Thus, a quantitative determination of the amount of carton 
monoxide in tne mine air can be made by squeezing the aspirator bulb the number cf 
times (usually 10) needed to furnish the amount of air for which tne nermarent 
eolors are calibrated and then commaring tne resulting color witn those in the 
cclor scale. If sucn a test indicates that the amount of carbon monoxide present 
is not within the calibrated ranze a fairly accurate determination can be made by 
squeezing tne asnirator bulb some multiple of the usual nuwnaber of times and maxing 
@ corresponding correction in the percentage cf carbon monoxide indicated by the 
color tube. 


Other gases and vepors, such as etnylene, gascline, hydrozen chlcride, 
hydrozen sulphide, and the em hydrocarbons cf ratural gas, if permitted to vass 
varough the glass tube would also cause color changes in tne iodine pontoxide mix- 
ture; therefore, the detector has a nickeled cylinder (Fig.l, Diu-7) containing 
enemically treated or "activated" charcoal which removes such undesirable gases as 
the air to be tested is drawn througn it. The chemically treated cuarconl eventu- 
ally osecomes saturated with these gases and requires replacement. Saturaticn is 
indicated by coloration of fresh hoolamite when pure air is forced throagn it. The 
inlet end of the nicxeled cylinder has a corrugated tin to wnich a rubber nose may 
be attached. If the other end of such a hose is connected with a nive leading 
throw;n tne stooping of a sealed area the percentage of carodcon monoxide in the air 
benind the seal may be ascertained. Determinations. of this sort are particularly 
useful during tne work of fichtinz mine Tires. 
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Insnectins the Detector Espa iI. Use 


Before the detector is taken underground it should be areeay inspected 
to make sure that the asnirator bulb does not leak and has the proper resilience, 
that the valves of the instrument are tight and function proverly, that tne color 
tube is held securely in place, and that the activated charccal is in good 
conditions. | = | _ 2 


When the aspirator dulbd (Fig. 1, DN-6S) is squeezed a current of air should 
issue from the rubber connecting joint (Fig. 1, DN=24) into which the hoclamite 
tube is to be inserted; and when the bulb is released a current of air should 
enter the inlet opening at the end of the nickeled charccal container (Fis 

N-7). Hence, the condition of the bulb may be determined by testing it with both 
cf these ovenings clcsed. If the bulb is sound it can not be squeezed flat; if it 
lacks resilience, it will not go back into share promotly after being ccllarsed. 

A bulb that is found to be defective should be remcved and replaced. The bulb may 
be removed by grasping the nickeled charcoal Cuno ener witn one hand and giving 
a wWwisting pull on the bulb with the other. 


If the inlet valve is tight, no air will be lcst when the aspirator bulb 
is equeeced as long as a finger is held tightly over the onening in the rubber 
connecting joint (His. by DN.24). If tne valve is functioning properly and tne 
iniet aperture is open the aspirator bulb after being collapsed will refill rapidly 
as soon as the hand pressure is withdrawn. The parts of an inlet valve tnat leaks 
or sticks may be made accessible fcr cleaning or repairing by unscrewing the char- 
ccal container and removing the inlet valve-seat (Fig. 1, DN-11) with a screw 
driver. The metal valve seat can then be winved clean with a cloth. In reassemblin 
care should be taxen to revlace the spring (Fig. i DN-12) in the proper po sition 
to hoid the valve seat in place. 


If the outlet valve is tight and tne inlet aperture is closed the asnirator 
tulb should remain collapsed when the pressure tnat deflated it is released. To 
reach the outlet~valve parts for cleaning or repairing, remeve the charcoal con- 
tainer and unscrew the metal holder (Fig. 1, Du-19) that carries the color scale 
and hoolamite tubes. The spring in this metal holder sheuld be adjusted to held 
tne tubes in nlace, even wnen the instrument is grasped by the aspirator bulb and 
siaxen roughly. 


Tne fresaness of the chenically treated charccal may be tested by insert- 
ing an unused hooslamite tube in the instrament and squeezing the bulb 20 times in 
pure air. If the material in the tube becomes discclored uniser these conditicns 
the cnarecal cortainer. should be refilled with fresh activated charcoal supzlied 
by the manufacturer. In reassembling the instrument, care should be taken to re- 
place the spring (Fiz. 1, DN-8) that holds the chnarccal in place correctly, other- 
wise air channels through the charcoal might result. 


Use cf the Detector in Mines 
Assuming that the operator is protected by a suitable gas mask or cther 
apoaratus when working in an atmosphere liable to contain carbon menoxide, he 


should use the detector in the mine in the follcwing manner: 
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1. Squeeze the bulb once or twice to remove any moisture and to fill the 
instrument with air identical with that to be tested. 


£e Break both tips of a hoolamite tube and insert it firmly in the instru- 
ment with the snoulder securely seated in the rubber connecting joint.. | 


3. Squeeze the bulb 10 times in successicn, collapsing it conmmletely each 
time. This will force about 350 cubic centimeters of air through the impregnated 
pumice. A slight amount of smoke or fume shculd issue frem the hoclamite tube 
wnen the bulb is squeezed. Although this smoke is harmful if breatned directly, 
under ordinary conditions it will be so quickly diluted by the mine air that ne 
symotoms other than coughing are likely to be nected. Observation of tne emcxe, | 
however, is eften advantageous as indicating the direction and velocity cf the 
ventilating current in the mine. 


4. After squeezing the bulb the full number of times, ccmmare the result- 
ing color (if any) with the permanent colors in the color tube and ncte the corre- | 
sponding percentage of carbon monoxide. At low concentraticns of carbcn mcncxide 
the color in the hoolamite tube fades rapidly, hence the comparisen with the colcr 
tube should be made at once. 

Oo. If no colcer conmarable with those in the cclor tute results frem 10 
squeezes reneat the test, using some multiple cf 10 and making the ccrresncndinrg 
correction in the percentaze indicated by the colcr obtained. For examle, ifa 
color corresponding to that for 0.1 ver cent is obtained with 20 successive 
squeezes the amcunt of carbon monoxide in the air sampled is about 0.CO per cent; 
or, if a color corresponding to that for 1.0 ner cent is cbtained with 5 squeezes, 
approximately 2.0 per cent of carbcn monoxide is indicated in the mine air. As | 
stated, the operator should be protected by a gas mask or breathing apnaratus when 
working in anything like a 2 per cent concentration of carbon moncxide. 


6. Remceve the hoolamite tube from the instrument promptly, as it snculd 
not be left in place longer than the time necessary to make the test. If the 
color in the tube does not fade or if a yellow discoloration appears, the tube 
should be discarded. As the icdine pentoxide mixture is highly acid a discarded 
tube should not be thrown where it can do any damage. If the tube is to be used 
again the tips should be ccvered with rubber caps to prevent detericration of the 
contents through entrance of mcisture. 


Conclusicn 


One should recegnize that the detectcr does nct indicate a deficiency of 
oxygen in the atmosphere or the presence cf such cther gases as carton dioxide and 
hydrogen sulphide; nor does it automatically give warning cf carben mcnexide as 
the operator may actually be in an atmceephere containing this gas without using th» 
instrument. Hence, in these respects, the detector is infericr to canary birds or 
mice. However, when in geod ccenditicn and used in the manner cutlined atcve, the 
detector atfarvds a veasonably accuvate quantitative means of determining, while 
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underground, tne vercentage of carbon moncxide in tne air, wnich it is immossible 
to. ao yitn small animals. Also, birds or mice should be returned to fresh air tc 
~rvVave thor aster teins overcome by carbon monoxide, whereas use cf the detector 
perinits a rescue crew to proceed without delay, and additional tests for carbon 
renoxice can be made as the wort pregresses. Furthermore, the instrument is 

iznt, commact, and easily carried in tne mine, needs little attention, and re- 
quires n> snecial ability cr skill for operation other than that of distinguishinus 
cetween dirferent shades of colcr. All of these advantages, make the detectcr an 
extremely valuable tool for use by men in mine rescue and reccvery work or vty any 
others whe must breathe air in which carbon monoxide may be found.-- Informaticn 
Circular, Bureau of Mines, Department of Commerce. 


